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(54) -Fluid overfill rprotection .and identification 5sy stem 



(57) A fluid overfill and identification system .uses a 
:pulsed signal to :both detect ^an overfill condition and 
identify a fluid product contained in a compartment. The 
pulsed signal is converted into an optical pulsed signal 
which is used with a retroreflective prism to detect when 
afluid in the compartment has reached a desired capac- 
ity. Encoded in the pulse width of the samepulsed signal 
Is the specific fluid product located in the compartment. 
■Furthermore, different pulse frequencies are provided 
depending on whether the tanker truck is aX a service 
station or at a loading terminal, thus allowing the system 
to distinguish between 1he two. At a marketing terminal, 
a new code is loaded into the system as a new fluid prod- 
uct is loaded into a compartment. A residue sensor may 
detect residual fluid in the compartment, and prevent the 
loading of a new fluid.product and a new ID code. 
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Description 

Field of the Invention 

This invention relates to the field of fluid product 
transfer, and particularly to the transportation and trans- 
fer of flammable fluids such as petroleum products. 

Background of the invention 

Tanks used for storing or transporting flammable flu- 
ids such as gasoline, diesel fuel and other hazardous pe- 
troleum products are often equipped with overfill protec- 
tion devices. When the fluids are being transferred from 
the storage tanks to recipient tanks, these devices detect 
when the recipient tanks are full and automatically disa- 
ble the transfer process. Thus, waste is avoided and the 
environment is protected from spillage due to overfilling. 

Tanks can be mounted on tanker trucks or located 
underground at service stations. Tanker trucks are typi- 
cally filled with the fluids using pumping equipment at the 
loading racks of marketing terminals, and underground 
storage tanks are typically gravity-filled from the trucks. 
An overfill protection device is used with each tank to 
disable the pumping equipment at the marketing termi- 
nals or to close a truck-mounted flow valve at the service 
station when the limit of the recipient tank's capacity is 
reached. 

Typically, an overfill protection device has a detec- 
tion circuit and a disable circuit. The detection circuit has 
a sensor located within the tank which generates an elec- 
trical sensor signal Indicating when the fluid in the tank 
exceeds a pre-detenmined level. The detection circuit is 
connected to the disable circuit by an electrical cable 
used to communicate the sensor signal to the disable 
circuit. When the signal indicates that the fluid level in 
the recipient tank has reached a desired capacity, the 
disable circuit responds by stopping the fluid flow into the 
tank (by disabling the pumping equipment at the loading 
rack or by closing the flow valve on the truck). 

One embodiment of the detection circuit generates 
a pulsed signal for use with a sensor which converts it 
into an optical pulse signal that is reflected from a prism 
in a storage tank to a light detector when the fluid level 
is below a desired capacity. In response, the light detec- 
tor generates a pulsed signal which is returned to the 
detector circuit. When the fluid level in the tank reaches 
the desired capacity-the indices of a refraction between 
the prism and the surrounding fluid prevent reflection of 
the optical pulse signal to the light detector. The light de- 
tector thus ceases to generate the pulsed signal and the 
system responds by disabling fluid flow into the tank, 
thus preventing an overfill condition. 

Although such level sensing sensors are useful for 
preventing the overfill of recipient tanks, they are unable 
to Identify the type of fluid being introduced into the tank. 
Thus, on occasion, situations arise where a particular flu- 
id is accidentally introduced into a tank intended for a 



fluid of a different grade or a different fluid altogether. 
This usually results in the fluid introduced mixing with the 
residual fluid in the tank sometimes rendering it useless. 
Such mixing of products may also cause damage or cre- 
s ate a safety hazanJ. In addition, the mbced fluid often 
must be discarded, creating a difficult and expensive dis- 
posal job. 

Summary of the Invention 

The present invention provides a fluid transfer sys- 
tem which generates a pulsed signal output and uses the 
same pulsed signal for both overfill detection and product 
identification. 

The pulsed signal is detected by an overfill detection 
circuit which, In turn, provides a signal to a disable circuit 
which controls a valve throug^i which the fluid flows while 
being transferred to a recipient tank. When the pulsed 
signal is absent, the overfill detection circuit indicates the 
absence in its output signalThe disable circuit, detecting 
this change in the output signal, responds by closing the 
valve to prevent fluid flow. 

The pulsed signal is also detected by an ID circuit 
which responds to both the pulse frequency and the 
pulse width of the signal. Both the detection circuit and 
the ID circuit are part of a controller on the truck, and 
may be integrated into a single microcontroller. Different 
pulse frequencies are used depending on whether the 
tanker truck is at a marketing terminal being filled or at 
a sen/Ice station offloading its fluid product, and the ID 
circuit responds with different actions depending on the 
frequency of the pulse signal. 

When the tanker truck is at a service station, the pur- 
pose of the ID circuit is to prevent the introduction of a 
fluid product into a tank of the service station not intend- 
ed for that product. Within the ID circuit is stored a digital 
code indicative of the fluid product which is presently in 
the tanker truck compartment served by that ID circuit. 
When the hose from that compartment Is connected to 
a service station tank, the pulsed signal generated by the 
sensor in the tank is detected by the ID circuit, and the 
detected pulse width is converted into a digital code. The 
pulse width of the pulses generated by the sensor In the 
service station tank is indicative of the product for which 
the tank is intended. Therefore, the ID circuit compares 
the newly acquired code to the code stored in memory, 
and if they do not match, the ID circuit signals a valve to 
prevent the flow of fluid product into that tank. 

At the marketing terminal, a pulse generator asso- 
ciated with each terminal product loading arm generates 
a pulse at a frequency different than the frequency used 
for the service station tanks. In addition, the pulse width 
of the loading arm pulse signal is indicative of the fluid 
product being dispensed by that loading arm. When the 
loading arm is connected to a compartment of the tanker 
truck, the pulse generator for that loading arm is electri- 
cally connected to the controller on the truck. The pulse 
generator output is detected by the ID circuit, and the 
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pulse width converted into a digital code. Based on the 
frequency of the pulsed signal, the ID circuit changes its 
operation from that just described. Instead of comparing 
this code to that stored in memory, the newly-acquired 
code is loaded Into the ID circuit memory, replacing the 
old code/Thus, as a new fluid product is loaded into the 
compartment, so is a new code identifying that product 
loaded into the ID circuit. 

At themarketing terminal, the same signal Is typbal- 
ly not used for overfill detection as l5.used for transmitting 
ihe ID code. This Is because-the ID pulse generators at 
thetnarketing terminal are located on the product loading 
arms, and need only be input to the controller. Since a 
separate overfill device, permanently mounted on the 
-truck,-may be directly connected to the pumps at the mar- 
keting terminal, integration, of the two functions is -not 
necessary. However, such an arrangement is certainly 
-possible.and is considered anticipated by the present in- 
vention. 

In one-altemative marketing terminal embodiment, 
ra residual sensor is located at the. bottom of the tanker 
compartment, and functions in essentially . the same 
way as the overfill.sensor. If the level.of the fluid is below 
the sensor, a signal is provided which is detected by the 
controller. If the level of thefluid reaches the sensor level, 
the signal is no tonger output by the sensor. Thus, the 
output signal changes (from low to high) and provides a 
signal to the controller only when there is a negligible 
amount of product left in the compartment. Upon detect- 
ing this latter signal, the ID :circuit prevents the loading 
of a new code, and instead compares the code of the 
connected loading anm to the stored code representing 
the residual fluid product. If these codes do not match, 
the transfer of fluid product from the loading anm to the 
tanker compartment is inhibited. 

Brief Description of the Drawings 

FIG. 1 is a schematic view of a fluid transfer system 
during offloading of fluid from a tanker compartment to 
a service station tank. 

FIG. 2 is a block diagram of the fluid transfer system 
of FIG. 1. 

FIG. 3 is a schematic view of the fluid transfer sys- 
tem of FIG. 1 during loading o1 fluid into tanker compart- 
ments from a marketing tenminal. 

FIG. 4 is a flow diagram describing the operation of 
the fluid transfer system of FIG: 1 . 

Detailed Description of a Preferred Embodiment 

Shown in Fig. 1 Is a filling arm 12 of a tanker truck 
connected to a hose 14, which is a transfer conduit used 
to fill the underground tank 16 of a servtee station. When 
the arm 1 2 and hose are securely connected to the tank, 
a fluid product, such as gasoline, may be offloaded from 
a compartment 11 of the truck to the tank 16 by gravity. 
The flow of fluid is controlled by pneumatically controlled 



valve 18 which is in turn controlled by electrically-con- 
trolled air valve 20. The use of an air-controlled valve 1 8 
avoids the explosbn danger which might exist if an elec- 
trically-controlled valve were used in place of the valve 
5 18. 

Located at the top of the tank 1 6 is a sensor.22 which 
senses the fluid level in the tank and provides an output 
signal indicative .of the fluid reaching a predetermined 
level In the tank. A stgnal wlre:24 of the sensor 22 is at- 
tached to an electrically conductive reinforcing wire 
which runs the length of hose*14, while a ground wire.2B 
is attached to a. surface of tank 16, which Is grounded. 
The reinforcing wire is located to the inside of the hose 
casing to prevent accidental .signal discharge against-a 
conductive surface.The.signal wire 24 and ground wire 
.28 are used to transmit low-current electrical signals be- 
tween the sensor 22 and a controller 30 which is located 
on the truck. As described below. these signals are used 
to indicate to the controller whether or not the fluid level 
has exceeded the predetermined capacity level and, 
therefore, whether or not the valve 18 should be closed. 

As shown in TIG. 'I.'the controller 30 has a signal 
wire 32 which connects the controller to a conductive 
coupling 9 which is, in tum. connected to a conductive 
coupling 29 of hose'14.The conductive coupling 29 is in 
electrical contact with the reinforcing wire 31 of the hose 
14. The reinforcing wire 31 is used to conduct the desired 
electrical signals and makes electrical contact with hose 
coupler 33 of hose 14. This coupler 33, when in phys'ical 
contact with the corresponding coupler.35 of the service 
station tank conducts signals to sensor22 via signal wire 
.24. 

An insulating ring 17 electrically Isolates the conduc- 
tive portion of the hose from the pipe 12. Another insu- 
lating ring 19 electrically Isolates hose 14 from tank 16, 
which is grounded.Thus.-the sensor signal can be trans- 
mitted to the controller :30 via the hose 14. In the pre- 
ferred embodiment, the hose coupler 33 is a female cou- 
pler which mates with a male coupling 35 of the service 
station tank 16, such that an electrical connection be- 
tween the signal wire 24 and the controller 30 is made 
whenever the hose 14 Is connected tothe tank. 

While the sensor signal is conducted along fluid 
hose 1 4, the common ground is conducted along a vapor 
recovery hose 13 which is also connected to tank 16 
while it is filled. As fluid product is transferred from truck 
compartment 11 into tank 16, the product vapor in the 
tank 16 is displaced, travelling through vapor recovery 
hose 13 and back into a vapor recovery manifold 37 
which distributes the vapor to the various compartments 
of the truck, including compartment 1 1 . A reinforcing wire 
of the vapor recovery hose 13, similar to that of the fluid 
hose 14, is the conductor for the hose 1 3. The reinforcing 
wire provides an electrical pathway between the top 39 
of tank 16 (to which the sensor ground wire 28 is con- 
nected) to a conductive portion of vapor recovery mani- 
fold. 37. The vapor recovery manifold is in conductive 
contact with the truck chassis. The controller ground wire 
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is also connecled to the chassis of the tanker truck. This 
completes the common ground connection between the 
sensor and the controller. In an alternative embodiment 
where vapors are not recovered by the system, a com- 
mon ground connection can be completed by connecting 
a single conductor cable from the truck chassis to a serv- 
ice station tank piping using clamps at the ends of the 
cable. 

The control circuitry of the present invention can be 
better understood by the block diagram of FIG. 2. The 
sensor 22 components include a pulse generator 42, a 
light source 36, such as a light-emitting diode (LED), a 
comer prism 36, a light detector 40, such as a phototran- 
sistor, and a one-shot pulse generator 51. The light 
source 3S, the prism SB and the light detector 40 are ar- 
ranged in an optical path 47 schematically shown in Fig. 
2. In this arrangement, power to the light source 36 caus- 
es it to generate light directed toward the prism SB. 

Pulse generator 42 may be a 555-type timer or the 
like which is adjusted to periodically generate electric 
pulses that are input to the light source 36. In response 
to the electrical pulses, the light source generates corre- 
sponding optical pulses. It is these optical pulses which 
are transmitted through the above-mentioned optical 
pathway and which enable the sensor to detect when an 
overfill condition has occurred. 

When the prism SB is located above the level of fluid 
34 (see FIG.1) in the tank 16 (i.e. the prism 38 is "dry") 
the indices of refraction of the prism SB and the surround- 
ing air are such that the prism 38 acts as a retro reflector. 
Consequently, the light is reflected off two surfaces of 
the prism and directed toward the light detector 40. How- 
ever, when the prism 38 is submerged in the fluid 34, the 
relative indices of refraction of the prism and the sur- 
rounding fluid are such that the light transmits through 
the surface of the prism and is not reflected to detector 
40. Thus, the light detector 40 receives the pulsed light 
signal only when the fluid level in the tank is below the 
desired capacity and, in response, the light detector 40 
generates a pulsed electrical signal which triggers the 
one-shot 51 . The one-shot drives signal wire 24 low for 
a selected duration. 

The sensor 22 is in electrical communication with the 
controller 30 via signal wire 24 and the electrical path 
through the hose 14, and is tied to a common ground 
with the controller via ground wire 2B and the electrical 
path through the vapor recovery hose 1 3. The signal wire 
24 is depicted in FIG. 2 as being connected directly to 
the controller, but it will be understood that the connec- 
tion also includes the pathways through the fluid hose 
14 and the signal wire 32. Transmitted along the signal 
wire 24 is a DC power signal from truck power source 49 
which is regulated by voltage regulator 56. The voltage 
regulator 56 puts out a constant DC voltage which pow- 
ers all of the components of the system, including those 
of the sensor 22. Thus, each of the sensor's electrical 
components 42, 36, 40 and 51 is powered up only while 
the hose 14 is connected to the tank 1 6. 



In addition to powering the sensor circuitry, the con- 
troller 30 must also receive the signal output by one-shot 
51. In the preferred embodiment, the output of one-shot 
51 (a pulsed signal) is conducted to the controller 30 on 
5 the same signal wire 24 which carries DC power to the 
sensor 22. Despite the presence of the DC power signal 
on the signal wire 24, the time-varying characteristic of 
the pulsed output signal of sensor 22 modulates the D. C. 
signal, and is ultimately detected by the controller 30. 

While the controller is receiving the pulsed signal 
from sensor 22, it detects this signal with overfill detec- 
tion circuit 53 and ID circuit 52. The outputs of these two 
circuits are in turn passed to disable circuit 50, and used 
in determining the control of valve 18 of the tanker truck. 
When the prism is above the fluid level in tank 16, the 
presence of the pulsed signal from sensor 22 is detected 
on the signal line 24 by overfill detection circuit 53. This 
information is relayed to disable circuit 50 which re- 
sponds by allowing the continued flow of fluid through 
valve 20. However, when the prism 26 is submerged in 
fluid, and the output of light detector 40 is correspond- 
ingly suspended, the output signal of the overfill detec- 
tion circuit 53 changes, and the disable circuit responds 
to the change by closing valve 18 to prevent any further 
fluid flow into the tank 1 6. 

Referring to FIG. 2, it can be seen that output of sen- 
sor 22 causes a detectable voltage signal on signal line 
24. This signal is detected as a series of pulses by both 
the overfill detectbn circuit 53 and the ID circuit 52. The 
disable circuit 50 responds to a signal from the overfill 
detection circuit, and does not disable the valve 18 as 
tongas that signal indicates that the pulses are still being 
received. However, once the pulses are no longer de- 
tected by the overfill detection circuit 53, it signals the 
disable circuit 50 to discontinue the fluid flow by closing 
valve 18. 

The ID circuit 52 detects the pulses, but also dis- 
cerns between pulses of different widths. In the preferred 
embodiment, the ID circuit 52, the overfill detection cir- 
cuit 53 and the disable circuit are all part of a single 
processing unit, preferably a microprocessor. The ID cir- 
cuit portion of this microprocessor transforms the specif- 
ic pulse width contained in the sensor signal into a digital 
code in a conventional manner. Since, in the preferred 
embodiment, there may be as many as twelve different 
fluid products to identify (although, obviously, the inven- 
tion may be adapted for as many as required), the ID 
codes are 4-bit codes (allowing 16 different possible 
codes). It will be understood that the ID circuit microproc- 
essor may use longer or shorter digital codes as may be 
desired. In addition, as just one example of the possible 
alternatives for encoding the product type in the time-var- 
ying characteristic of the pulsed signal, the ID circuit 52 
may detect the duty cycle of the pulses, or even the sig- 
nal frequency, instead of the pulse width. 

The I D circuit 52 monitors the pulse stream and gen- 
erates a 4-bit digital value representative of the width of 
each received pulse. The ID circuit also responds to the 
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frequency of the pulses. A pulse frequency of, for exam- 
ple, 10 Hz is generated by the pulse generator of the 
sen/ice station tank sensor. However, as will be dis- 
cussed in further detail below, in the preferred embodi- 
ment, a different frequency is used by a pulse generator 
at the marketing temninal where the tanker is loaded, to 
allow the ID circuit 52 to distinguish between the two lo- 
cations. A lO Hz frequency is used in the preferred em- 
bodiment because it is slow enough to allow a number 
of different, easily-discernible pulse widths, but is still fast 
enough that the disable circuit will respondrquickly to an 
overfill condition. 

When the ID circuit -52 detects the service station 
frequency (inlhis case 10 Hz), it compares the .digital 
code which represents the received pulse :stream to a 
:previously-stored digital code stored In memory 54. The 
previously-stored code is representative of the particular 
fluid product which is presently in the.compartment'11 of 
the tanker. Meanwhile.ithe sensor-22 of the service sta- 
tion tank 1 6 to which the hose'1^ is connected generates 
-pulses with a width specific to the fluid product which is 
to be stored in that tank. When the -pulses originating 
from sensor22 are transformed by ID circuit 52, the re- 
;sulting digital code must match the stored .digital code. 
If the codesmatch.ihen the fluid product in the truck 
compartment is. appropriate for that service station tank, 
and the ID verification c ircu it '52 signalsthe disable circuit 
50 to allow the opening of valve I B . and the dispensing 
of fluid into the tank 16. However, if the codes :do not 
match, then the fluid Is not appropriate for the tank to 
which the hose is connected, and the ID circuit52 signals 
nhe disable circuit to Inhibit the flow of.any fluld through 
valval B. 

As mentioned, the ID circuit '52 Is sensitive to pulse 
frequency as well as pulse width. This allows the ID cir- 
cuit to distinguish a service station tank from a marketing 
terminal loading arm. A similar pulse stream may be in- 
put to the ID circuit 52 while the compartment 11 is con- 
nected to the loading arm. The ID. circuit can detect the 
width of these pulses and transform it into a new digital 
code which may be loaded at the same tinie that a new 
fluid product is loaded. 

Shown schematically in FIG. 3 is a connection be- 
tween different compartments of a tanker truck and dif- 
ferent loading arms of a marketing terminal. In the figure, 
"A" and "B" designations are used with the reference nu- 
merals to distinguish similar components of two different 
connections. For example, the two loading arms shown 
in the figure are designated 78 A and 78B- 

Each loading arm 7BA, 788 dispenses a different flu- 
id product which is loaded into a different compartment 
11 A, 11 B of the tanker truck. Each loading arm connects 
to a truck arm 12A, 128 by a coupling connection 82A, 
82B as Is known In the art. for simplicity, the following 
description refers to only a single loading arm connec- 
tion. However, It will be understood that a plurality of dif- 
ferent loading arms may be simultaneously corinected 
to a plurality of different truck arms to load different fluid 



products into different compartments of the tanker truck, 
and that the descrip1k>n applies to each of these arrange- 
ments. 

Each loading arm78A, 7BB comprises an electrical- 
5 ly conductive material, as does each truck arm 1 2A, 1 28. 
An insulator 84A, 848 provkJes electrical isolation be- 
tween the two different conductive portions (85A and 
BSA or 86Band 888) of each loading arm 78A, 78B. Sim- 
ilarly, an insulator 17A.*17B provides electrical isolation 
10 between the two different conductive portions its respec- 
tive truck.arm"12A. "128. lEach of these arms is broken 
down into two conductive portions so that it may be used 
to carry electrical signals. 

The electrical signals being transmitted are electri- 
:cal pulses generated by pulse.generator 96A, 968. which 
is located on its respective loading anm'78A. "788. :Each 
pulse-generator 96A, 968 is supplied power from the 
controller '30 via the conductive connection path includ- 
ing a signal wire 32A, 323, coupling 9A, -98, coupling 
iB8A, :8BB and signal wire 98A. .988. When -powered, 
each pulse generator 96A, 968 outputs a regular se- 
quence of electrical pulses. In essence, the pulse gen- 
erators each function as a sensor.22, but without an in- 
terruptable optical signal pathwayTheref ore, as long as 
a pulse generator is receiving power, it outputs a pulsed 
signal. 

Although the pulse generators96A, 96B output puls- 
es at the same frequency, each generator 96A, 96B gen- 
erates pulses of a discemibly. different width. Like the 
pulses generated by the service station sensor, the par- 
ticular pulee width output by a generator 96A, 968 indi- 
:cates'the*fluid product. being :dlspensed by that respec- 
tive loading arm 7BA,"78B. 

The pulsesfrom each pulse generator 96 A, 96B are 
output on a conductor 98A, 98B to conductive portion 
BBA, 888 of the respective loading arm 78A, 788. The 
pulse signal is transmitted through the coupling connec- 
tion B2A, 82B to conductive portion 9A. 98 of truck arm 
12A, 12B.The signal Is from there detected by the con- 
troller 30 via a respective signal wire 32A, 328. A com- 
mon ground connection is established between control- 
ler 30 and the pulse generators 95A, 96B through a con- 
ductive connection which passes from vapor recovery 
manifold 37 to a reinforcing wire In vapor recovery hose 
104 and finally to ground wires 108A, 1088, each of 
which connects to the grounded portion of its respective 
terminal loading arm 78 A, 78 B. Like the vapor recovery 
system used at the service station, the vapor recovery 
hose 104 and the manifold 37 are used to recover vapor 
displaced from the compartments 11 A, 118 as they are 
filled with fluid. 

As shown, a ground connection 1 1 0A, 1 1 0B of each 
pulse generator 96A, 96B also connects to the conduc- 
tive portion BSA, 868 or Its respective loading arm 78A, 
788. With conduct 'ive connection made between the 
pulse generator 96A, 968 of each loading anri and the 
controller 30, the ID circuit 52 of the controller can detect 
the pulses output by each generator 96A. 968. As with 



20 



25 



30 



35 



40 



45 



SO 



5 




EP 0 697 



the sensor 22, the pulses mcxdulate the DC signal which 
is used to power the generators 96A, 96B and which is 
transmitted along the same conductive path as the 
pulsed signals. The ID circuit 52 detects both the width 
andthelrequency of the pulses input from the generators s 
96A. 96B. The frequency of the pulses from the loading 
arm pulse generators 96A, 96B is discernibly different 
from the pulse frequency of the service station pulse gen- 
erators 42, and in the preferred embodiment is 1 5 Hz. 

Upon detecting a particular generator signal, the ID io 
circuit 52 transforms the detected pulse width into a 4-bit 
digital code, but because of the detected 1 5 Hz frequen- 
cy it does not begin a comparison with the stored digital 
code. Instead, the ID circuit 52 responds by storing the 
new digital code (which represents the fluid product dis- 
pensed by the loading arm 78A, 788 on which the par- 
ticular generator 96A. 968 resides) in place of the code 
previously stored in memory 54 for the compartment 
1 1 A, 1 1 B to which that arm Is connected. Thus, as a new 
fluid product is loaded Into a particular compartment 1 1 A, 20 
118, the stored code is changed to match the code which 
represents the new fluid product type. Upon delivery of 
this new product to a service station, the new code of 
this particular compartment 11 A, 11 B must now be 
matched by the signal from sensor 22 of the service sta- 2S 
tlon, or the ID circuit will prevent the offloading of the new 
fluid product in the manner discussed previously. 

In one aftemative embodiment of the invention, a 
residue sensor 1 1 6A, 1 1 6B is added which resides at the 
bottom of its respective tanker compartment 1 1 A, 1 1 B. 30 
(Alternatively the sensor may reside at the lowest eleva- 
tion point of arm 12. In such a case, coupling 9A, 9B is 
a coupling of l<nown design which allows fluid flow 
through it only when a physical connection is made to 
another coupling). The sensor functions such that an out- 3S 
put signal from the sensor 116A. 116B is only present 
when the tank is substantially empty. The signal is used 
as an override by the controller to inhibit the normal pro- 
cedure when the tanker compartment is being filled at 
the marketing terminal. 4o 

If the signal from the residue sensor 11 6A. 11 SB in- 
dicates that the respective compartment 11 A, 11B is 
empty, then the refilling of the compartment and the 
changing of the digital code in the ID circuit 52 proceeds 
as described above. If, however, the signal from the res- 
idue sensor indicates that the compartment is still par- 
tially filled with a fluid product, the ID circuit 52 instead 
perlomns a code comparison essentially identical to that 
perlomned at the service station. That is, it compares the 
code generated from the pulse signal of the appropriate 
loading arm pulse generator 96A, 95B to the stored dig- 
ital code (which still indicates the fluid product stored in 
corresponding compartment 11 A, 11 B), and prevents the 
flow of new fluid into the compartment if the codes do not 
match. Of course, if the codes do match, the fluid flow is 5S 
not prevented. This prevents the accidental mixing of two 
different fluid products in the tanker compartment. Since, 
if the codes match, the fluid products are the same, it is 
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not necessary to store the new digital code in the ID cir- 
cuit memory. 

Shown in FIG. 4 is a flow chart which summarizes 
the operation of the present invention for controlling fluid 
flow to or from one of the tanker compartments. Once 
there is connection made from the truck to the service 
station tank or marketing terminal, the system usually 
starts receiving the pulsed signal, at step 200, the pulse 
width is converted to a new digital code. The frequency 
of the pulsed signal is also determined by the controller 
30 at step 202. If the frequency is determined to be 10 
Hz at step 204 (indicating that the signal is from the tank 
1 6 at the service station), the controller then determines 
(at step 206) whether the new code equals the stored 
digital code (i.e. whether the fluid products match). If the 
codes match, then the fluid flow is enabled at step 208. 
If the codes do not match, then the fluid flow is disabled 
(step 210). 

If the frequency of the signal is not 10 Hz, the con- 
troller then determines at step 212 whether the frequen- 
cy is 1 5 Hz (indicating that the truck is at the marketing 
terminal). If the frequency is also not 15 Hz, then the fluid 
flow is disabled (step 21 3). If the frequency is 1 5 Hz, then 
the controller checks the signal from the residual sensor 
116 and determines whether the recipient compartment 
is empty (step 214). If the compartment is empty, the new 
code is stored in place of the previously stored code (step 
216) and the fluid flow is enabled at step 208. 

If the compartment is not empty, then the controller 
compares the new code to the old code (step 206). If the 
new code matches the old code (meaning the fluid in the 
compartment matches the fluid being dispensed into the 
compartment), then the fluid flow is enabled (step 208). 
However, if the two codes do not match (meaning the 
fluid in the compartment does not match that being dis- 
pensed by the attached loading arm), then the fluid flow 
is disabled at step 210. 

The present invention provides an integrated sys- 
tem which uses a pulse signal to simultaneously detect 
overfill and identify and track fluid products. It should be 
noted that simultaneous transfer of fluid products to or 
from different tanker compartments (i.e. at the marketing 
temnina! or at the sen^ice station) is considered to be 
within the scope of the invention. It is an intention of the 
invention to have a single controller 30 on the tanker 
truck which controls the transfers to or from the various 
compartments, although multiple controllers might also 
be used. It Is also contemplated to control fluid flow at 
the marketing terminal by a flow controller such as valve 
1 8 of the compartment, or a flow controller such as the 
terminal pump which shuts down in response to a signal 
from controller 30. 

Furthermore, the terms and expressions which have 
been employed are used as terms of description and not 
of limitation, and there is no intention, in the use of such 
terms and expressions, of excluding any equivalents of 
the features shown and described or portions thereof, 
but it is recognized that various modifications are possi- 
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ble within the scope of the invention claimed. 



Claims 

1 . A fluid.transfer system for transferring a fluid from a 
first tank to a second tank through a transfer conduit 
using a flow controller to control the flow of fluid 
'through the conduit, the system comprising: 

a level sensor which detects fluid level in the 
second tank and which outputs a first signal indicat- 
ing whether the fluid level in the second tank is 
above a predetermined level, the first signal having 
a first time-varying characteristic which is indicative 
of .a -Specific fluid for which the second tank is 
intended; 

an overfill detector which detects the first sig- 
-nal and causes the flow controller to inhibit fluid flow 
'through the conduit when the first signal indicates 
that the fluid level in the second tank Is above said 
predetermined level; and 

:an ID detector which detects the first signal 
and compares .said first time-varying characteristic 
to a-stpred representation of a reference time-vary- 
ing characteristic indicative of the.specific fluid con- 
tained within the first tank, and which causes the flow 
controller to Inhibit fluid fbw'through the conduit if 
the two characteristics are not sufficiently similar. 

:2. A fluid transfer system according to claim 1 wherein 
the first tank is a compartment of a tanker truck and 
the second tank is an .underground storage tank of 
a service station. 

:3. A fluid transfer system according to claim 1 where 
the sensor comprises an electroHDptic sensor. 

-4, A fluid transfer system according to claim 1 wherein 
said first signal is a pulsed signal. 

•5. The fluid transfer system according to claim 4 
wherein said first time-varying characteristic is the 
width of pulses of said pulsed signal. 

6. A fluid transfer system according to claim 5 wherein 
the first time-varying characteristic is a duty cycle of 
the pulsed signal. 

'7. A fluid transfer system according to claim 5 wherein 
the first time-varying characteristic is a frequency of 
said pulsed signal. 

8. A fluid transfer system according to claim 1 wherein 
the stored representation of a reference time-vary- 
ing characteristic is a digital code. 

9. A fluid transfer system according to claim 8 further 
comprising an electrical conductor which runs along 



the length of the transfer conduit and by which the 
first signal is transmitted. 

10. A fluid transfer system according to claim 9 further 
s comprising a vapor recovery hose through which 

fluid vapor is transferred from the second tank to the 
first tank as fluid is transferred from the first tank to 
'the second tank, said vapor recovery hose having a 
conductor along which an electrical ground path is 
10 established between the level sensor and the overfill 
and ID detectors. 

11. A fluid transfer system according to claim 1 wherein 
the overfill detector and the ID.detector are:part of a 

IS single microcontroller. 

'1.2. A fluid transfer system according to claim '1 further 
-comprising: 

athird tank to which the transfer conduit is con- 
.20 nectable to allow fl uid flow from the third tank to the 
first .tank; 

a signal generator associated with the third 
tankwhich outputs a second signal having a second 
time-varying characteristic which is indicative of a 
25 specific fluid contained within the third tank, the sec- 
ond signal being detectable by the ID detector when 
the the transfer conduit is connected to the third 
tank. 

30 -13. Afluldtransfersystemaccordingtoclaim 12 wherein 
the ID detector stores a representation of the second 
time-varying characteristic in place of the reference 
time-varying characteristic when the transfer con- 
:dult is connected to the 'third tank. 

35 

"14. A fluid transfer system according to claim 1 2 further 
comprising a residual sensor which generates an 
output signal which is detected by the ID detector 
and which indicates when the fluid level in the first 
40 tank is above a predetermined level. 

1 5. Afluld transfer system according to claim 14 wherein 
the ID detector compares the second time-varying 
characteristic to the stored representation of the ref- 

45 erence time-varying characteristic and the controller 
inhibits fluid flowf rom the third tank to the first tank if: 
the second time-varying characteristic and the 
reference time-varying characteristic are not suffi- 
ciently similar; and 

50 the residual sensor output signal indicates that 

the fluid level in the first tank is above said predeter- 
mined level. 

16. A fluid transfer system for transferring fluid to and 
ss from a first tank through a transfer conduit, the first 

tanktransf erring fluid to a second tank and receiving 
fluid from a third tank, flow through the conduit being 
controlled with a flow controller, the system compris- 
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ing: 

a level sensor which detects fluid in the second 
tank and which outputs a first signal indicating 
\A/hetherthe fluid level in the second tank is above a 
predetermined level, the first signal having a first 
time-varying characteristic which is indicative of a 
specific fluid for which the second tank Is intended; 

an overfill detector which detects the first sig- 
nal when the transfer conduit is arranged to provide 
fluid flow from the first tank to the second tank, and 
NA/hich causes the flow controller to inhibit fluid flow 
through the conduit when the first signal indicates 
that the fluid level in the second tank is above said 
predetermined level; 

a signal generator associated with the third 
tank which generates a second signal having a sec- 
ond time-varying characteristic which is indicative of 
a specific fluid contained within the third tank; 

an ID detector which detects the first signal 
when the transfer conduit is arranged to provide fluid 
flow from the first tank to the second tank, and which 
detects the second signal when the transfer conduit 
Is arranged to provide fluid flow from the third tank 
to the first tank, the ID detector provkiing an output 
indicative of whether a detected signal has a 
time-varying characteristic which matches a stored 
representation of a reference time-varying charac- 
teristic indicative of a specific fluid contained within 
the first tank; and 

a disable device which receives the output 
from the ID detector and causes the flow controller 
to inhibit fluid flow through the conduit if said output 
indicates that the time-varying characteristic of said 
detected signal does not match the reference 
time-varying characteristic. 

17. A system according to claim 16 wherein the ID 
detector, while detecting the second signal, stores a 
representation of the second time-varying charac- 
teristic in place of the stored representation of the 
reference time-varying characteristic if the second 
time-varying characteristic does not rnatch the ref- 
erence time-varying characteristic. 

18. A system according to claim 16 further comprising 
a residual sensor located within the first tank which 
generates an output indicative of whether the fluid 
level in the first tank is above a residual level. 

19. A system according to claim IB wherein the output 
o1 the residual sensor is received by the disable 
device when the conduit is arranged to provide fluid 
flow from the third tank to the first tank, and wherein 
the disable device causes the flow controller to 
inhibit fluid flow from the third tank to the first tank 
when the residual sensor output indicates that the 
fluid in the first tank is above the residual level and 
the output from the ID detector indicates that the 



second time-varying characteristic does not match 
the reference time-varying characteristic. 

20. A method of controlling fluid transfer from a first tank 
s to a second tank through a transfer conduit using a 

flow controller to control the flow of fluid through the 
conduit, the method comprising: 

detecting fluid level in the second tank with a 
level sensor; 

10 outputting, from the level sensor, a first signal 

Indicative of whether the fluid level in the second 
tank is below a predetermined level, the first signal 
having a flrst time^arying characteristic which is 
indicative of a specific fluid for which the second tank 
is intended; 

detecting the first signal with an overfill detec- 
tor. 

generating, with the overfill detector, an overfill 
signal which causes the flow controller to inhibit fluid 
20 flow through the conduit when the first signal indi- 
cates that the fluid level in the second tank is above 
said predetermined level; 
detecting the flrst signal with an ID detector; 

comparing the flrst time-varying characteristic 
25 to a stored representation of a reference time-vary- 
ing characteristic with the ID detector; and 

generating, with the ID detector, an ID signal 
which causes the flow controller to inhibit fluid flow 
through the conduit when the two characteristics are 
30 not sufficiently similar. 

21. A method according to claim 20 wherein controlling 
fluid transfer from a first tank to a second tank com- 
prises controlling fluid transfer from a compartment 

35 of a tanker truck to a storage tank of a sen/ice sta- 
tion. 

22. A method according to claim 20 wherein detecting 
fluid level with a level sensor comprises detecting 

40 fluid level with an electro-optic sensor 

23. A method according to claim 20 wherein outputting 
afirst signal comprises outputting a flrst signal which 
is a pulsed signal. 
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24. A method according to claim 20 wherein outputting 
afirst signal having a flrst time-varying characteristic 
comprises outputting a flrst signal having pulses of 
a specific pulse width. 

25. A method according to claim 20 wherein outputting 
a first signal having a flrst time-varying characteristic 
comprises outputting a first signal having a specific 
duty cycle. 

26. A method according to claim 20 wherein outputting 
a first signal having a flrst time-varying characteristic 
comprises outputting a first signal having a specific 
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frequency. 

.27. A method according to claim 20 further comprising 
providing an electrical conductor along the length of 
the transfer conduit by which the first signal Is trans- s 
mitted In electrical form. 

128. A method according to claim.27 further comprising 
conducting vapor from the second tank to the first 
tank with a vapor recovery hose as fluid is trans- io 
f erred f rom the first tank to the second tank and pro- 
viding an electrical conductor along the length of the 
vapor recovery hose .by which an electrical ground 
path Is established. 

75 

:29. A method according to claim.20 further comprising: 
providing a third tank to which the transfer con- 
duit is connectable to allow the transfer of fluid from 
the third tank to the first tank; 

generating, with a signal generator associated 
with the third tank, a second signal having a second 
time-varying. characteristic which is indicative of a 
specific fluid contained within the third tank; 

.detecting the second signal with the ID circuit 
when the transferxonduit is connected to the third -25 
tank; and 

comparing the second time-varying character- 
istk: to the reference time-varying characteristic. 

:30. A method according to ciaim.29 further comprising 30 
storing, with the ID circuit, the second time-varying 
characteristic In place of the reference time-varying 
characteristic when the transfer conduit is con- 
nected to thethlrd.tank. 

35 

'31. A method according to claim 29 further comprising 
providing a residual sensor which generates an out- 
put signal indicative of the fluid level in the first tank 
being above a predetermined level. 

40 

'32. A method according to claim 31 further comprising 
generating, with the ID detector, an ID signal which 
causes the flow controller to inhibit fluid flow through 
the conduit when the conduit is connected to the 
third tank, and when the residual sensor output sig- 
nal indicates that the fluid level in the first tank is 
above said predetermined level and the second 
time-varying characteristic and the reference 
time-varying characteristic are not sufficiently simi- 
lar, so 
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